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Abstract. Investigation of calcium-phosphate and digestibility in Red tilapia was investigated. 
All diets were formulated at 0.5% calcium-phosphate in Diet1, 1.0% in Diet2 and 1.5% in 
Diet3, and was formulated to be isonitrogenous of 30% crude protein and energy: protein 
ration 30:2. The apparent digestibility coefficient of levels of calcium-phosphate were 
significant differences (P<0.05) in faeces in upper and lower intestine. However digestibility 
of calcium and phosphorus in faeces in upper and lower intestine was higher in Diet2 with a 
value of 73.48 ± 0.33% and 70.54 ± 0.33%, 39.24 ± 0.02% and 43.73 ± 0.50%. Deposition 
of calcium and phosphorus was higher in Diet2 with a value of 9.03 ± 0.12% and 10.68 ± 
0.24% in whole body, 10.17 ± 0.05% and 13.32 ± 0.41% in muscle, 13.06 ± 0.13% and 
12.05 ± 0.01% in bone, 11.06 ± 0.47% and 10.01 ± 0.01% in scale and 6.01 ± 0.58% and 
4.10 ± 0.58% in gill. The absorption gain of calcium and phosphorus were also higher in 
Diet2 with a value of 3.07 and 1.39% in whole body, 1.96 and 2.11% in muscle, 1.25 and 
1.48% in bone, 0.97 and 0.89% in scale and 0.16 and 1.85% in gill. The overall digestibility 
was found to be higher in Diet2 with containing of 1.0% calcium phosphate and 30% crude 
protein compared to other diets. 
Keywords: Digestibility of calcium and phosphorus in faeces in upper and lower intestine. 
 
Introduction 
Calcium and Phosphate are frequently seen as related being closely because of their 
combined role in bone mineralization. In fact, the requirement of Salmonids for Phosphorus is 
higher than that for any other inorganic element and this requirement is not generally 
affected by dietary calcium levels (Cho et al., 1985; Roy et al., 2003; Ogino and Takeda, 
1976; Watanabe et al., 1980).  
There are extensive studies of digestibility on tilapia species with studies involving 
different levels of calcium-phosphate in feed ingredients, no-supplementation of calcium-
phosphate in the diet reduced fish growth (Dato-Cajegas et al., 1996; Babbitt et al., 1994). 
About 99% of the calcium and 80% of the phosphorus are found in the bones, 1% of the 
calcium plays a vital role in metabolism (Hepher, 1981). Ingredients in feed given must be 
digestible and liked by fish (Moksness et al., 1995; Aksnes et al., 1997; Robinson et al., 
1996), digestibility was probably depended on the diet protein and from 10 to 90% may be 
found depend on species of fish (Hemre et al., 2003; Buddington et al., 1997; Garisdale-
Helland and Helland, 1998), and these proven by Robinson et al., (1987). Khan (1994) 
reported catfish Mystus nemurus (Cuvier & Valenciennes) fed contained 44.4% and 28% of 
protein, digestibility coefficient was found in stomach of 60.5% protein, of 58.3% dry matter 
and 62.0% energy. Upper intestine digestibility was found of 71.3% 68.4% of dry matter and 
71.5% energy, and lower intestine was found 75.2% protein, 72.15% dry matter and 74.15% 
energy, water leaching with negative value. In Tilapias or other animals, the pH of fluids in an 
activity digestion of stomach ranges from about 2.0 to 2.2 (Moriarty, 1997). The studies on 
calcium and phosphorus in tilapia species is very limited and majority of studies on calcium 
phosphate of tilapia have been conducted under controlled laboratory conditions (Kabir et al., 
1998).   
Feed is the main source of phosphorus (P) for fish. Fish and other aquatic animals 
have the ability to absorb P from water; however, the concentration of this element is low in 
both freshwater (Sugiura et al., 1998; LaVorgna et al., 2003; Cain and Garling, 1995; 
Rodehutscord and Pfeffer, 1995; Jakson et al., 1996; Forster et al., 1999; Wilson et al., 1982 
) and seawater (Lall, 2002, unpublished data). Limited information is available on the 
metabolism, excretion and utilization of dietary P in fish (Lall, 1991). 
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For evaluating fish feeds, knowledge of the digestibility of nutrients and calcium-
phosphate diet is necessary. Apparent digestibility of a certain calcium -phosphate can be 
calculated if its concentration in diet and faces is known, as well as the amounts of diet. 
Consumption of feed and excretion of feces occurs within a sufficiently long period time. The 
objective of this study was to evaluate growth and digestibility of level of calcium-phosphate 
in upper and lower intestine. 
 
Materials and Methods 
Diet preparation 
Feed ingredients prepared for experimental diet contained casein, dextrin, mineral 
mix, vitamin mix, fish oil and calcium phosphate (CaHPO4) and were obtained from 
Sigma Sdn. Bhd. Standard reference were used soyabean meal and fish meal. The 
ingredients of treatment diets are listed in Table 1. The diets contained the test calcium 
phosphate (CaHPO4) plus a reference diet.  The reference or test diet was prepared with 
the addition of 0.5% calcium phosphate for Diet1, 1.0% for Diet2 and 1.5% for Diet3. 
The proximate composition of diets was Crude protein 30%, Fat 3.1%, Ash 11,4%, 
Moisture 9.3% and Energy ME Kcal/% protein aand ratio (30;2)  
Percentage of chromic oxide (0.5%) was incorporated as external marker to measure 
nutrient digestibility of calcium phosphate of feeds and faeces by the indicator method 
(Reigh et al., 1990). For each diets ingredient digestibility determination, the test diet 
was composed of 70% of reference diet and 30% of the test ingredients (Cho and 
Selinger, 1979). The proximate composition of the experimental feed was analyzed in 
the laboratories of the University of Malaya and Department of Veterinary Services 
(JPH), Petaling Jaya as shown in (Table 1). Soya bean meal is available from local 
sources. Casein, dextrin and calcium phosphate were obtained from imported resources. 
The experimental diet was analyzed for moisture, protein, fat, mineral, ash and NFE 
(Nitrogen-Free-Extract) by standard AOAC methods (AOAC, 1990). 
To process ingredients in the pellet from these studies used two types a mixer to mix 
the grounded ingredients and than a pelletizer to develop pellets of 3 mm diameter. All 
ingredients were mix and added with 30% of water. After grinding was finished the feed 
were dried in the sunshine. The dry feed was ± 15.25% and proximate formulation of 
feed composition was made using Excel program.  
Faecal Collection 
Red tilapia (Oreochromis niloticus) with initial body weight 110.14 + 0.29g,  (mean + 
s.e.m., n=24) were used for these experiments. A total of 24 red tilapia were used, that 
is 12 fishes for the experiment of whole day, faeces, faeces in upper and lower intestine 
and 12 fishes for the experiment of part of body fish. 1 fish for Diet1, 1 fishes for Diet2 
and 1 fishes for Diet3. Each diet were used for three replicates that is 3 fishes for 
replication of Diet1, 3 fishes for replication of Diet2 and 3 fishes for replication of Diet3, 
this is followed by six cycles during the 20 days. Fish were fed twice a day at 07.00 am 
and 13.00 pm as much as 5% from body weight, and fish were weighed after 5 days 
experiments for measured of body weight. For the first week of feeding experiment, the 
data were not collected because the experimental fish were being adapted to the 
environment. 
The faeces were collected from the faeces collection tubes every day or after 8 to 10 
hours fish fed until 20 day; the uneaten feed was also collected. Faeces were collected 
separately for each fish and were dried in the freezer. The whole body of the fishes was 
also being taken out from the tanks after 20 days. All fish were then killed and parts of 
their body, such as scale, gill, bone, flesh, faeces in upper and lower intestine were 
being removed. Water quality parameters in the tank were monitored throughout the 
experimental period. Temperature and dissolved oxygen and pH were recorded daily by 
oxygen meter (YSI, USA) and pH meter (Schotte Gerate, USA) respectively. The Chromic 
oxide determination in the uneaten feed and faeces were used with anatomic absorption 
spectrometer to look at the color and the prepared sample were used same technique as 
calcium analysis. 
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Table 1. Percentages of proximate ingredient composition of Test Diets with 3 


















CaHPO4 0.5 1.0 1.5 
Dextrin 31.09 30.61 30.29 
Casein 32.99 32.97 32.79 
Fish oil 1.64 1.64 1.64 
Vitamin mix* 1.64 1.64 1.64 
Minerals mix* 1.64 1.64 1.64 
Chromic oxide 0.5 0.5 0.5 
Reference diet 70 70 70 
Soyabean meal 15.29 15.29 15.29 
Fish meal 14.71 14.71 14.71 
Standard reference 30 30 30 
Total diet 100 100 100 
   CaHPO4 with 20% P and 25% Ca, Windemill Dicalphos, The Windmill Feed phosphate,    
   Tessenderjo chemic, Rotterdam, the Netherlands. Crude protein 30%, Fat 3.1%, Ash   
   11,4%, Moisture 9.3% and Energy ME Kcal/% protein aand ratio (30;2)  
 
Chromic oxide determination in the Diet and Faeces 
A dried sample of 50-100 mg was weight on filter paper and transferred to 100 
ml volumetric flask. Five milliliters of concentrated HNO3 was added and heated for 
about 20 minutes until the sample was digested; a white precipitate was usually formed. 
The flask was then cooled and 3 ml of perchloric acid was added, and heated until the 
color changed to orange. Then the heating was continued for another 10 minutes. The 
flask was slightly cooled and 50 ml of distilled water was added. The flask was than 
cooled to room temperature, made to volume and read at 350 nm against distilled water 
with atomic absorption spectrophotometer (Varian AA-400). The chromic oxide content 
of the sample was calculated using the following equation: 
Y = 0.2089 X + 0.0032 where Y = optical density at 350 nm, X = chromic oxide content 
(mg/ 100 ml).  
Digestibility analysis 
The digestibility (D) of the dry matter and nutrients in the feed were estimated by 
using the following equations Fagbenro (1994), Fagbenro and Jauncey (1995) and 
Wilason and Poe, (1985). Apparent digestibility coefficients (ADC) for dry matter and 
nutrients of the diets were determined using the following equations: 
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ADC calcium and phosphorus = 102 x (a-b)/a 
Where a = calcium or phosphorus in diet/Cr2O3 in faeces; b = calcium or phosphorus 
                  in faeces/ Cr2O3 in diet.   
 
D =   100   x  ( D for test diet – (100-X) x  D for reference diet) 
                                   X                                         100 
Where X = % substitution of test diet in the reference diet.  
 
Biological analysis were calculated using the following formulas (De Silva et al., 1991 
Jantrarotai et al., 1998). 
 
Calcium gain = (Final weight x final % calcium) – (Initial weight x initial % calcium) 
 
Phosphorus = (Final weight x final % phosphorus) – (Initial weight x initial % 
 phosphorus) 
 
 Data were statistically analyzed using of SPSS Statistical analysis involved the 
use of SPSS (Statistical Package for the Social Science) (Norusis,1990) and Duncan’s 
multiple range test was used to compared different among levels of calcium phosphate 
(CaHPO4) digestibility. 
   
Results and Discussion 
During the collected of feces at 20 days, the results of digestibility were found 
significance, for characters such as digestibility in upper and lower intestine have been 
presented, indicating the levels of calcium phosphate probability for significance 
(p<0.05). The digestibility of upper and lower intestine was higher in Diet2 (Table 2 and 
3). 
 
Table 2. Digestibility of calcium and phosphorus in faeces in upper intestine in red tilapia  
 
  Component 
Diet1 Diet2 Diet3 
Calcium 59. 40 ± 0.43b 73.48 ± 0.33c 66.23 ± 0.71a 
Phosphorus 62.18 ± 1.08b 70.54 ± 0.33c 64.39 ± 0.51a 
    a,b and c Different superscripts within rows indicated significant differences between diet 
    means  
 







Calcium 35.49 ± 0.07a 39.24 ± 0.02c 37.66 ± 0.51b 
Phosphorus 40.22 ± 0.07 a 43.73± 0.50b 41.40 ± 0.48a 
    a,b and c Different superscripts within rows indicated significant differences between diet means  
 
Digestibility of calcium and phosphorus in faeces in upper and lower intestine was 
presented in Table 2 to 3. Digestibility of calcium and phosphorus in faeces in upper 
intestine  was higher in Diet2 with a value of 73.48% and 70.54% compared to other 
diets. Digestibility of calcium and phosphorus in faeces in lower intestine also was higher 
in Diet2 with a value of 39.24% and 43.73%. These studies were used to determine 
digestibility can affect the value of the coefficients obtained (Buddington et al., 1997). 
The deposition of calcium and phosphorus in whole body fish, muscle, bone, scale and 
gill was presented in Table 5 and 6. The overall of deposition of calcium was higher in 
Diet2 with a value of 9.03 ± 0.12% in whole body, 10.17 ± 0.05% in muscle, 13.06 ± 
0.13% in bone, 11.06 ± 0.47% in scale and 6.01 ± 0.58% in gill (Table 4).  
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Table 4. Mean (%) and standard error of deposition of Calcium in whole body, muscle, bone, scale 
and gill in red tilapia 
Levels Diet whole body muscle Bone 
 
scale gill 
Diet1 8.15±0.45a 9.25± 0.37a  12.24 ± 0.76b  10.19±0.91a  5.86±0.40a 
Diet2       9.03±0.12b 10.17± 0.05b  13.06± 0.13c  11.06±0.47b 6.01±0.58b 
Diet3                        8.08±0.37a 9.58± 0.35a 11.24± 0.76a  10.51±1.08a  5.89±0.13a  
a,b and c Different superscripts within treatments indicated significant differences between characters 
 
Table 5.  Mean (%) and standard error of deposition of Phosphorus in whole body, muscle, bone, 
scale and gill in red tilapia 
Levels Diet whole body muscle bone 
 
scale gill 
Diet1 9.65 ±0.25a 12.02 ± 0.36a 10.92 ± 1.16a 9.54 ± 0.02a 2.45± 0.40a 
Diet2       10.68 ±0.24b 13.32 ± 0.41b 12.05 ± 0.01b 10.01 ± 0.01b 4.10± 0.58b 
Diet3                        9.36 ±1.02a 11.25 ± 0.39a 10.42 ± 1.16a 9.44 ± 0.81a 2.45 ± 1.13a 
a,b and c Different superscripts within treatments indicated significant differences between characters 
 
Table 5 shown deposition of phosphorus with different levels diets. The overall 
deposition of phosphorus was higher in Diet2 with a value of 10.68 ± 0.24% in whole 
body, 13.32 ± 0.41% in muscle, 12.05 ± 0.01% in bone, 10.01 ± 0.01% in scale and 
4.10 ± 0.58% in gill. The deposition of calcium and phosphorus was higher in Diet2 with 
containing of calcium phosphate 1.0% compared to Diet1 and Diet3 with containing 
0.5% and 1.5%. 
 
Table 6. Percentage of absorption gain of calcium in whole body, muscle, bone, scale 






                 Diet1 
 
Initial       Final       Gain 
 (%)          (%)          (%) 
               Diet2 
 
   Final        Gain 
   (%)            (%) 
              Diet3 
 
   Final       Gain 
    (%)          (%) 
Whole body 5.96          8.15        2.19   9.03            3.07            8.08          2.12 
Muscle 8.21          9.15        0.94   10.17          1.96   9.58          1.37 
Bone 11.81        12.24      0.43   13.06          1.25   11.24        0.24 
Scale 10.09        10.19     0.10   11.06          0.97   10.51        0.01 
Gill 5.85          5.86       0.01   6.01            0.16   5.89          0.04 
 
Table 6 shown absorption gain of weight gain, whole body, muscle, bone, scale and gill 
with different diets. The absorption gain of calcium was higher in Diet2 with a value of 
3.07% in whole body of fish with body weight of 12.39%, 1.96% in muscle and 1.25% in 
bone and 0.97% in gill. The overall absorption of calcium was higher in Diet2 compared 
to Diet1 and Diet 3.  Table 7 shown the absorption gain of phosphorus. The absorption 
gain of phosphorus was higher in Diet2 with a value of 1.39% in whole body of fish, 
2.11% in muscle, 1.48% in bone, 1.48% in bone, 0.89% in scale and 1.85% in gill. 
Compared to Diet1 and Diet3, Diet2 was higher for all traits absorption gain of 
phosphorus. Table 8 shown the final of body weight was higher in Diet2 with a value of 
122.56g compared to Diet1 and Diet3. The total weight from 5 to 20 days was higher in 
Diet2 with a value of 474.74g compared to Diet1 and Diet3. Feed consumption was also 
higher in Diet2 with a value of 237.36g. Uneaten feed was higher 5.86g in Diet2. 
However feed consumption deducted uneaten feed was higher in Diet3 compared to 
Diet1 and Diet2.  
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Table 7. Percentage of absorption gain of phosphorus in whole body, muscle, bone, 







                      Diet1 
 
Initial      Final      Gain 
(%)          (%)         (%) 
            Diet2 
 
   Final        Gain 
   (%)           (%)  
              Diet3 
 
    Final       Gain 
    (%)          (%) 
 
Whole body 9.29          9.65       0.36    10.68        1.39    9.36          0.07 
Muscle 11.21       12.02      0.81    13.32        2.11    11.25        0.04 
Bone 10.21       10.92      0.71    12.05        1.48    10.42        0.21 
Scale 9.12         9.54        0.42    10.01        0.89    9.44          0.32 
Gill 2.25         2.45       0.20    4.10         1.85    2.45          0.20 
 
 
Table 8.  Amount of final body weight, total body weight, total feed consumption and 







 Digestibility of calcium and phosphorus in faeces in upper and lower intestine 
was better in Diet2 compared to Diet1 and Diet3. Many other studies reported 
digestibility of upper and lower intestine depend on digestible of fish and protein diet. 
Digestibility of calcium-phosphate consideration showed the possible impact for fishes. 
diet with 1.0% calcium phosphate, 30% crude protein and ratio 30:1 caloric: protein 
ratio has been considered for this study. In general agreement with most of the 
previous studies in tilapia, however protein content and different caloric/protein ratio 
should be investigated. Cost of feed with higher protein content and caloric, protein 
ratio is worthwhile to investigate the effect of high. Investigated of digestibility of 
calcium-phosphate in tilapia also important factor. High digestibility of fish meaning 
increase the composition of muscle, as well as shown in Diet2. Differences of calcium 
phosphate between diets may be due to physiological differences, particularly the 
presence or absence of an acidic stomach as both Ca and P absorption are facilitated by 
a low pH. This happens due to many reasons as the fishes, quality of foodstuff (Lee et 
al., 2002), activity digestion in stomach or pH. Because the pH of Tilapias range from 
about 2.0 to 2.2 (Moriarty, 1997), or the digestibility of feed and excretion of faeces 
occurs within a sufficiently long period time. The intestinal digestive tract of tilapias was longer 
size compared to other species.  
Excretion of calcium and phosphorus in faeces and uneaten feed was lower in three diets, 
Diet1, Diet2 and Diet3 because of leaching in the water. However it was higher in Diet2 
compared to diet D1 and D3. This study was slightly different from Khan (1994) who found in 
lower intestine digestibility was higher than upper intestine with a value of 74.15% of energy and 
75.2% of protein. As presented above the digestibility depends on the species and pH fluid in 
activity to digestion. The present study also was slightly different from LaVorgna et al., (2003) 










Final body weight 120.63 122.56 120.83 
Total body weight  470.15 474.74 469.61 
Feed consumption 235.07 237.36 234.54 
Uneaten feed 5.43 5.86 3.64 
Feed consumption-uneaten feed 229.64 231.5 230.9 
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intestine, such as phytase phosphorus are made available to fish (Cain and Garling, 1995; 
Rodehutscord and Pfeffer, 1995; Schaefer et al., 1995; Jackson et al., 1996; Riche and Brown, 
1996), but (Ketola, 1994; Ketola and Harland, 1993; Soares and Huges, 1995; Forster et al., 
1999) reported phytate phosphorus digestibility has not been evaluated for tilapias. Previous 
results on digestibility of macro in cord, mainly based on dissection of partly frozen intestinal 
contents was presented by Hemre et al., (2003); Buddington et al., (1997); Grisdale-Helland and 
Heland, (1998). 
Deposition and absorption of calcium and phosphorus in part of body of fish as whole 
body, muscle, bone, scale and gill were also higher in Diet2 compared to other diets. Basically, 
whole body mineral concentrations remained rather constant throughout the range of dietary 
calcium levels utilized in the present study. Thus, whole body minerals were not appropriate 
indicator of the dietary calcium requirement of fish fed with Diet1 and Diet3. These studies were 
different from Phillips et al., (1994) who found absorption of 0.23 – 0.28g phosphorus/g live 
weight/48 hours much lower with concentration about of 0.005 – 0.05ppm from water in body 
weight of 75.0 -10.1g.  
Fish scale is one of the major site of calcium and phopsphorus metabolism and deposition 
(Lall, 1991). Thus, one might assume that the metabolic need for phosphorus would be higher 
for the scaled tilapia. However information of calcium and phosphorus digestibility in scale of fish 
was very limited. The present study on deposition values can be compared to levels of calcium 
phosphate in diets. Mean and standard error of calcium and phosphorus was also presented. 
Results in the present study indicated that diet containing 1.0% calcium phosphate was better 
than indicated 0.5% and 1.5% calcium phosphate. However calcium was higher than phosphorus 
in scale, muscle and gill, it is unclear why scale, muscle and gill calcium increased in Diet2 
compared to fish fed in Diet1 and Diet3. It may be related to a change in membrane permeability 
and these studies were unaware to have investigated the effect of dietary calcium in tissue 
permeability of fish but this kind of study may be undertaken for the future experiments.  
Both bone calcium and bone phosphorus are increased in fish fed with 1.0% calcium 
phosphate (Babbitt et al., 1994), was slightly different from the studies of Lovell, (1979); Wilson 
et al., (1982); Robinson et al., (1996) and Li et al., (1996) which reported Channel catfish 
require 0.30% to 0.45% available phosphorus for maximum weight gain and bone 
mineralization.    
The studies of calcium and phosphorus in the gills were unclear because the gill of fish 
readily takes up dissolved calcium from water (Simkiss, 1974). Bone, scale and whole body 
appeared to be a particularly good indicator of phosphorus adequacy. This response was similar 
to other studies with fish reared in fresh water (Lovell, 1979; Wilson et al., 1982), slightly lower 
than the phosphorus requirements reported for common carp (Ogino and Takeda, 1976) and 
substantially lower than 0.9% dietary phosphorus reported to be required by Tilapia nilotica 
(O.niloticus) (Watanabe et al., 1980). The difference in the phosphorus requirement determined 
in the present study of O.niloticaus is also reported by Watanabe et al., (1980) who stated this 
difference may be due to species differences or to differences in dietary formulation. They used 
practical type diets whereas purified diets were used in the present study. 
 
Conclusions 
The present study can be further improved by an efficient experimental design in which 
various Ca:P levels can be nested to obtain differences in digestibility, deposition and absorption 
of calcium phosphate. Using this factorial design, it would be possible to determine the optimum 
level of Ca:P in the diet. Results of this study are expected to stimulate other fish nutritionist in 
other parts of Southeast Asian to cultivate and extend knowledge on these parameters in fresh 
water fish sp, as well as marine fish. 
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